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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: Wogonin (5,7-dihydroxy-8-methoxyflavone) is a bioactive
compound from Scutellariae radix that has been shown to have anticancer effects. However,
the effects of wogonin on oral cancer cells still remain speculative.
Materials and methods: Cytotoxicity and invasion assays were used to investigate the effects
of the human oral cancer cell line OC2 cells exposed to wogonin. To examine the precise
involvement of wogonin in cancer metastasis, gelatin and casein zymography were performed
to evaluate the impacts of wogonin on matrix metalloproteinase (MMP)-2, MMP-9, and uroki-
nase plasminogen activator (u-PA) secretion in OC2 cells.
Results: Wogonin exhibited a dose-dependent inhibitory effect on the invasion of OC2 cells in
the absence of cytotoxicity (P < 0.05). Wogonin was also found to decrease the expressions of
MMP-2, MMP-9, and u-PA in a concentration-dependent manner (P < 0.05).entistry, Chung Shan Medical University, 110, Chien-Kuo North Road, Section 1, Taichung 40201,
(Y.-C. Chang).
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Invasion, MMPs, and u-PA inhibited by wogonin 173Conclusion: Taken together, these results suggest that wogonin could inhibit invasion by hu-
man oral cancer cells and the inhibitory effects may partially be due to decreased production
of MMP-2, MMP-9, and u-PA.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by
Elsevier Taiwan LLC. All rights reserved.Introduction
In Taiwan, oral cancers rank as the fifth most prevalent
cancer in both sexes and account for the fourth most
common cancers in males in 2010.1 Surgery, chemotherapy,
and radiotherapy are the main conventional cancer treat-
ments, occasionally supplemented by other complementary
and alternative therapies. Various ingredients in natural
plants, such as silibinin and epigallocatechin-3-gallate,
have been tested for potential anticarcinogenicity.2,3
Wogonin (5,7-dihydroxy-8-methoxyflavone) is one of
the flavonoids isolated from the traditional Chinese med-
icine of Huang-Qin (Scutellaria radix) that is widely used
for its anti-inflammatory and anticancer effects.4,5
In vitro studies have shown wogonin to possess cyto-
static and cytotoxic activities against several human
tumor cell lines.6e8 Anti-inflammatory and antiviral ac-
tivities of wogonin may also contribute to tumor preven-
tion.9 Wogonin is a good anticancer candidate. However,
little is known about the effects of wogonin on oral
cancers.
Cancer cells can move through cellular and extracel-
lular matrix (ECM) barriers into neighboring tissue through
a stepwise process that includes adhesion, invasion, and
migration of cancer cells.10 Degradation of ECM by cancer
cells via protease [such as urokinase plasminogen acti-
vator (u-PA) and matrix metalloproteinases (MMPs)] may
lead to the separation of intercellular matrix to promote
the mobility of cancer cells and eventually lead to
metastasis.11
In this study, we used a human oral cancer cell line
(OC2 cells) to elucidate the potential effects of wogonin
on cell invasion. We also used gelatin and casein zymog-
raphy to examine the influences of wogonin on the ac-
tivity of endogenous MMP-2, MMP-9, and u-PA.
Understanding the basic principles of the inhibitory ef-
fects of wogonin on tumor migration may lead to the
development of new therapeutic strategies, in addition to
supporting the role of wogonin as an oral cancer chemo-
preventive agent.
Materials and methods
Wogonin was obtained from Wako Pure Chemical Industries,
Ltd. (Osaka, Japan); 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) from Sigma (St. Louis,
MO, USA); Matrigel from Collaborative Biomedical Products
(Bedford, MA, USA); and tissue culture biologicals from
Gibco Laboratories (Grand Island, NY, USA). The final con-
centrations of wogonin used in this study were 0 mM, 10 mM,
25 mM, 50 mM, and 75 mM.Cell cultures
OC2 cells derived from human buccal mucosa cancer were
retrieved from frozen stock and cultured to confluence in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal calf serum (FCS), 100 mg/L of streptomycin,
and 100 g/L of penicillin at 37C in a humidified incubator
under ambient atmosphere pressure containing 5% CO2.
Confluent cells were detached with 0.25% trypsin and 0.05%
EDTA for 5 minutes, and aliquots of separated cells were
subcultured. The cells were subcultured at 1:4 splits every
3 days.
Cytotoxicity assay
To evaluate the cytotoxicity of wogonin, MTT assay was
performed to determine the cell viability as described
previously.12,13 Briefly, 2  104 cells per well were seeded
into a 96 well plate and left overnight to attach. The above
concentrations of wogonin in 100 mL volumes were added,
and cells were treated for 24 hours. After treatment, 50 mL
of MTT solution (1 g/L in phosphate-buffered saline) was
added to each well and incubated for another 4 h at 37C.
Dimethyl sulfoxide (150 mL) was added to each well. Optical
density was determined by eluting the dye with dimethyl
sulfoxide and measuring absorbance at 550 nm using a
spectrophotometer (Hitachi, Tokyo, Japan).
Invasion assay
For the cell invasion assay, OC2 cells were treated with the
above concentrations of wogonin. After 24 hours’ incuba-
tion, cells were removed by trypsinizing, and their in vitro
invasiveness was tested by Transwell analysis.3 Matrigel was
diluted to 25 mg/50 mL with cold filtered distilled water,
and applied to 8-mm pore size polycarbonate membrane
filters. Treated cells were seeded to Transwell (Corning
Costar Corp., Cambridge, MA, USA) at the upper part at a
density of 1.5  104 cells/well in 50 mL of serum-free
medium and then incubated for 12 hours at 37C. The
bottom chamber contained standard medium with 20% FCS.
The cells that had invaded to the lower surface of the
membrane were fixed with methanol and stained with he-
matoxylin and eosin. Random fields were counted under a
light microscope.
Zymography
The activities of MMP-2 and MMP-9 of the condition medium
were measured by gelatin-zymogram protease assays as
described previously.14,15 Confluent cells were trypsinized,
Figure 1 Effect of wogonin on the cell viability of OC2 cells.
Cells were treated with 0e75 mM wogonin for 24 hours before
being subjected to a MTT assay for cell viability. Each point and
bar represent mean  standard deviation.
174 Y.-C. Ho et alcounted, and plated at a concentration of 1  105 cells in
60 mm culture dish and allowed to achieve confluence.
Cells were cultured for 24 hours, at which time the medium
was changed to a medium containing 0.5% FCS and various
concentrations of wogonin. The conditioned medium sam-
ples were collected after a 24-hour incubation. Conditioned
media were prepared with standard sodium dodecyl sulfate
(SDS)-gel-loading buffer containing 0.01% SDS without b-
mercaptoethanol and not boiled prior to loading. Prepared
samples were then subjected to electrophoresis with 8%
SDS polyacrylamide gels containing 0.1% gelatin. Electro-
phoresis was performed at 150 V for 3 hours in an OWL P-1
apparatus (Thermo Fisher Scientific, Inc. Portsmouth, NH,
USA). After electrophoresis, gels were washed twice with
100 mL distilled water containing 2% Triton X-100 on a gy-
ratory shaker for 30 minutes at room temperature to
remove SDS. The gel was then incubated in 100 mL reaction
buffer (40 mM Tris-HCl, pH 8.0, 10 mM CaCl2, 0.02% NaN3)
for 12 hours at 37C, stained with Coomassie brilliant blue
R-250 and destained with methanoleacetic acidewater.
The gelatin cleavage rate was analyzed from the photo-
graphed gels with a densitometer (AlphaImager 2000; Alpha
Innotech, San Leandro, CA, USA). Densitometric values are
expressed as the mean  standard deviation.
Visualization of u-PA activity was performed as
described previously.15,16 Briefly, 2% w/v casein and 20 g/L
plasminogen were added to 8% SDS-PAGE gels. Samples with
a total protein of about 20 mg were then loaded onto the
gels. The uPA activity of cells treated or untreated with
wogonin was measured as described in the gelatin zymog-
raphy. The intensities of the obtained bands were deter-
mined using a densitometer. Densitometric values are
expressed as the mean  standard deviation.
Statistical analysis
Triplicate experiments were performed throughout this
study. All assays were repeated three times to ensure
reproducibility. The significance of the results obtained
from control and treated groups were statistically analyzed
by ManneWhitney U test.
Results
The cytotoxicity of various concentrations (0 mM, 10 mM,
25 mM, 50 mM, and 75 mM) of wogonin on OC2 cells for 24
hours by MTT assay are shown in Fig. 1. Compared to that of
control groups, the remaining cell viability was not signifi-
cantly altered by wogonin, even at a concentration up to
75 mM (P > 0.05). Therefore, it was clear that the treatment
of wogonin, at concentrations ranging from 0 mM to 75 mM,
has no cytotoxic effects to OC2 cells during the 24-hour
incubation period. Thus, this concentration range was
applied in all subsequent experiments.
To screen for the preventive effectors against cancer
metastasis, the inhibitory effect of wogonin on invasion by
OC2 cells was examined with Transwell. The invasive ca-
pacity of OC2 cells through a reconstituted basement
membrane (Matrigel) toward a chemoattractant is shown in
Fig. 2A. The result was that wogonin significantly (P < 0.05)
reduced the invasion by OC2 cells in a concentration-dependent manner (Fig. 2B). At a concentration of 50 mM,
wogonin was found to reduce the invasive capacity of OC2
cell by about 14% (P < 0.05).
Fig. 3A is a zymogram that contains conditioned medium
samples from OC2 cells treated with wogonin. The gelatin
zymograms revealed that the main gelatinase secreted by
OC2 migrated at 72 kDa and represents MMP-2. Minor
gelatinolytic bands were also observed at 92 kDa regions
that correspond to MMP-9.
The conditioned medium samples from OC2 cells treated
with the concentrations of wogonin >10 mM showed the
levels of MMP-2 and MMP-9 to be significantly inhibited
(Fig. 3A). The inhibitory pattern was demonstrated in a
dose-dependent manner (P < 0.05). From the AlphaImager
2000, the amount of MMP-2 was 80%, 40%, 21%, and 17% at
wogonin concentrations of 10 mM, 25 mM, 50 mM, and 75 mM,
respectively, as compared with the control group (Fig. 3B).
The amount of MMP-9 was 59%, 15%, 10%, and 9% at wogonin
concentrations of 10 mM, 25 mM, 50 mM, and 75 mM,
respectively, as compared with the control group (Fig. 3B).
To examine whether wogonin could inhibit the u-PA ac-
tivity in OC2 cells, cells were treated with 0e75 mM wogonin
and the intensity of caseinolytic activity were determined
by casein zymography (Fig. 4A). Wogonin was found to
inhibit the caseinolytic activity in a dose-dependent
manner (P < 0.05). The quantitative measurement is
shown in Fig. 4B. The amount of u-PA was 88%, 90%, 81%,
and 57% at wogonin concentrations of 10 mM, 25 mM, 50 mM,
and 75 mM, respectively, as compared with the control
group.
Discussion
Wogonin, a naturally occurring monoflavonoid extracted
from Scutellariae radix, is known to possess several bio-
logical functions including antioxidant, anti-inflammation,
and, in particular, antitumor activities. In this study, we
report that wogonin inhibited the invasive activity of OC2
human oral cancer cells. Our results provide evidence that
Figure 2 (A) Effects of wogonin on the invasion of OC2 cells through Matrigel. (B) An invasive rate of 100% is defined by control
experiments of invasive OC2 cells tested in the absence of wogonin. Each point and bar represent mean  standard deviation.
*Significant differences from control values with P < 0.05.
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mechanism study shows that the inhibition is associated
with decreasing the expression and activity of MMP-2, MMP-
9, and u-PA.
Metastasis has been found to be accompanied by various
physiological alterations involved in the degradation of
ECM, which allows cancer cells to invade blood or the
lymphatic system to spread to another tissue or organ. In
this study, we first demonstrated that wogonin could inhibit
the invasive ability of OC2 cells without affecting cell
viability. Our results are in agreement with Chen et al,8 who
reported that wogonin was found to inhibit invasion on
human breast cancer cells MDA-MB-231. These results sug-
gest that the cancer invasive inhibitory effect of wogonin is
not caused by the cytotoxicity. In addition, wogonin may be
useful as an effector for the prevention of cancer
metastasis.
Proteases such as plasminogen activators (PAs) and MMPs
play an important role in cell invasion. Degradation of
stromal ECM surrounding the tumors is a crucial step of
tumor invasion and metastasis due to the expression and
activation of MMPs and/or PAs.17,18 Therefore, the impacts
of wogonin on several proteases involved in ECMdegradation were investigated in this study. MMPs play a
crucial role in the process of cancer invasion and metas-
tasis. In the present study, we demonstrated that the ex-
pressions of MMP-2 and MMP-9 of OC2 cells were reduced by
wogonin treatment. Chen et al found that wogonin is a
potent inhibitor for the expression and activity of MMP-2
and MMP-9 in human breast cancer cells MDA-MB-231.8
Therefore, the inhibition of the migration or invasion
mediated by MMP-2 or MMP-9 may be a key feature for the
prevention of cancer invasion or metastasis.
In this study, we also found that the u-PA activity was
inhibited by wogonin in a dose-dependent manner. Consis-
tently, wogonin was found to inhibit t-PA production in
cultured human umbilical vein endothelial cells in a study
by Kimura et al.19 The plasmin-dependent pathway is un-
derstood to be a significant alternative pathway for the
initiation of ECM degradation by MMPs.19 In addition to
MMP-2 and MMP-9, the inhibition of uPA expression by
wogonin is also important for the anti-invasive function of
wogonin.
The present results suggest that wogonin inhibits the
migration and invasion of OC2 cells by inhibiting the acti-
vation of MMP-2, MMP-9, and u-PA enzymes. In this study, it
Figure 3 (A) Gelatin zymogram of conditioned medium from OC2 cells treated with the various concentrations of wogonin for 24
hours. (B) Levels of MMP-2 and MMP-9 from conditioned medium treated with wogonin were calculated from their gelatinolytic
activity, as measured by AlphaImager 2000. Each point and bar represent mean  standard deviation. *Significant differences from
control values with P < 0.05.
Figure 4 (A) Casein zymogram of conditioned medium from
OC2 cells treated with the various concentrations of wogonin
for 24 hours. (B) Levels of u-PA from conditioned medium
treated with wogonin were calculated from their caseinolytic
activity, as measured by AlphaImager 2000. Each point and bar
represent mean  standard deviation. *Significant differences
from control values with P < 0.05.
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reach the effective level on OC2 cells in vitro. Dietary
supplements of wogonin may serve this purpose in vivo.
Although wogonin was repressive to in vitro invasion and
downregulated MMP-2, MMP-9, and u-PA, the association
among the MMP-2, MMP-9, u-PA, and cell invasion was not
known. Further research is required; MMP blocker, u-PA
blocker, and/or their neutralizing antibodies should be used
to define the involvement of these molecules in regulating
OC2 motility.
In conclusion, wogonin was considered to be the agent
with the most potential antimetastasis activity because it
can inhibit migration and invasion in the absence of cyto-
toxicity. Except for the antimetastasis activity of wogonin
presented in this study, further studies of other ingredients
of Scutellariae radix are needed to investigate their roles in
oral carcinogenesis.
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